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SPIUNIBG CRARACTERISTICS OF WIRGS 

II - RECTANGULAR CLARK Y BIPLANE CELLULE: 25 PERCENT 

STAGGER; 0' DECALAGE; GAP/CHORD 1.0 

By M. J. Bamber 

SUMMARY 

This report is the second of a series in a wind-tun- 
nel investigation planned to determine the aerodynamic 
characteristics of airplane wings in spinning attitudes, 
The first report covers the aerodynamic characteristica: -' 
of a rectangular Clark Y monoplane wing; this report 
gives the aerodynamic characteristics of a rectangular 
Clark Y biplane cellule with equal upper and lower wings, 
gap equal to the chord, no decalage, and 25 percent stag- 
ger. The tests were made afth the spinning balance in 
the N.A.C.A. 5-foot vertical tunnel. 

The results are given in coefficient form with re- 
spect to the body axes. An analysis of the data was made 
and a discussion of the results based on the analysis is 
given to add in predicting the spinnfng characteristics 
of airplanes hav$ng this mfng arrangement. 

The analysis indfcates that a conventional airplane 
using this wing combination will, in general, spin with 
inward sideslip; it will attain equilibrium in a steady 
spin from 30' to 70° angle of attack if the yarning-moment 
coefficient produced by interference and parts of the 
airplane other than the wings is small, about 0,Ol oppos- 
ing the spin; it vi.11 not spin if the yawing-moment coef- 
ficient is greater than 0.025 opposing the spin; and it 
is less likely to spin if it is statically unstable in 
yaw (body axis) in spinning attitudesa 
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TNTBODUCTIO~ .* ' 

General methods bf' theoistical analysis of airplane 
spinning charact*erist-its have been .available for.some 
time. Some of--the.se mdtho.dd:e of an&lysis might be used -by 
designers to .pr.edict. the sp.inni.ng-charactepistice of pro- , 
posed airplane' ddslg'ns if the -necessary 'aerodynamic data 
were known. . . . . 

To provide these data, the W.A.C.A. is conductfng in- 
vestigations, using the sptnning balance, to determine the 
aerodynamic forces and moments on airplane models, and on 
the various parts of airplane models, in spinning atti- 
tudes. The,present fnvestigatj.o.n, to determine the spin- 
ning characteristics :of,w'ings, fs pianned t& include vari- 
ations fn airfoil sections, 'plan'forms, and tip shapes of 
monoplane wings and variatioqs in stagger, gap, and decalage 
for biplane c,ellul,es. The first.seri.es of tests, made on 
a rectangular Clark Y monoplane wing,. are.reported in ref- 
erence 1. That report.also give6 an analysis of the data 
for prsdicting the: probable 8ffe.ctS of various important 
parameters on the spiti for normal iirplanes using.6uch.a 
wing. 

The .pres-ent repor.t.$s the. second of the series. It 
gives the aerodynamic characteristics of a rectangular 
Clark ,Y bip.lane cellule in'sp,inning attitudes and tn- - I 
c1ude.s a.discussioh of th'8 datx;--usfng the method of anal- 
ysis 'given in'reference'.l. 

APPARATUS AMD MODELS . 

.: -. 
The tests were made on the spinning balance in the 

N.A.C;A. 5-foot vertical wind tunnel. The tunnel is de- 
scribod.ia refarence 2 and the balance, which measured 
all six components of the force and moment, is described 
in reference 3. 

. The biplane! cellule had similar upp,er and lower 
Clark Y wings with 25-percent stagger, 0 
gap/chord ratio of 1.0. 

decalage, and a 
These wing6 were of laminated ma- 

hogany and were rectangular in plan form with 5-inch 
chords and 30-fnch spans. They mere rigidly fastened to- 
gether with struts and braces of 3/32-inch steel rod. 
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Figure 1 is a sketch of the model showing the-locations 
of the airfoils, the bracing, and the ball-clamp attach- 
ment for the spinning balance.. 

TESTS 

In order to cover the probable spinning range, tests 
were made at approximately 30°, 40°, 50°, 60°, and 70' an- 
gles of attack. At each angle of attack tests were made 
with sideslips of approximately loo, 5', O", -5', and -lo'.. 
At each angle of sideslip and at each angle of attack ..- 
tests were made with values of &/2v of 0.25, 0.5q, q.75, 
and 1.00. The angles of attack and sideslip were meas- 
ured in the plane of symmetry at the quarter-chord point 
of the upper wing. The quarter-chord point of the upper 
wing was also the center of rotation for. all tests. The 
stops used in setting the model gave angles of attack and 
sideslip slightly different from those desired.. The ex- 
act angles tested were measured ar;d the date. converted to 
the even angles. B8CaUS8 of the variations in the balance 
readings.each test con.dition was repeated five times to 
insure consistent results. 

The tunnel air speed was 75 feet per second for tests 
with !2b -= 0.25 and 0.50, 2v and it tiPas'S- and 48.8 for 

--.--- E = 
0.75 and 1.00, respectively. The Reynolds Xumbers of the 
tests were about 196,000 for the highest air speed and 
138,000 for the lowest air speed. Previous tests (refer- 
ence 3) showed no appreciable change in scale effect for 
this range. 

RESULTS AXD DISCUSSION ' 

The data were converted.to coefficient form by the 
follosfng relations: 

c7, = --& c, = IA ’ 
N 

. qbS n= 4. 

. 
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The forces and moments used to obtain the coefficients wore 
averages of those from the f?ive te'sts. All coefficients 
are standard U.A.C.A. coefficients excepting Cm, which 
is based on the span of the wing instead of the chord, and 
which may be converted to the standard coefficient by mul- 
tiplying it by 6. All coefficients are given wfth the con- 
ventional sfgn for right spins. 

.The data and attitudes are given for the quarter- 
chord.point of the upper wing at zero radius. The coeffi-.l 
cients fn body axes may be converted to any other point ' 
of-rotation in the plane of symmetry by the following ro- 
latfons. The converted coefficients are marked with a 
subscript. 

v a 
CY, = GY v, 0 

% L = CCL f ; Cy] (>J , . 

1 

% 

and Cnl =.[C, - 

._ . 
4 

* : . * 

where x is'the dfstance forward (posit.ive) of the new l . 
center of rotation from the quarter-chord of 
the upper wing. 

Z, the distance of the new c-entsr of rotation bo- 
low (positive) the quarter-chord of the uppor 
wing, 

b, the span of the wing. 

% 2zq 
v= co9 a CO8 f3 + gj- 

- 
-c 

rL= 
v sin @ + 2zP /fib\ 

- ix- La 
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= cos a CO8 p 
. . 

= sin @ 

= co9 f3 sin a 

= tan-l FL 
Ul 

= gin-l v_A 
Vl 

The data in coefficient form are Flatted against angle 
of attack fn the ground,system of axes for the longitudinal 
force CX1T in figure 2 and all coefficients are given in 
the body system of axes in figures 3 to 8. Sample curves 
of the moment coofficionts plotted against angle of sidc- 
slip and $$ in body axes are given in figuroa 9 to 11. 

.The spread of the test data indicated that the results 
are correct to within the following limits: 

GXs kO.01 % ' Kl.002 

CY* fO.O1 Cm9 a.005 

CZ* ho ,oa %I* ti.002 

Yo corrections have been made for the eff-ects of the 
tunnel, scale, interference of the balance, or of the 
struts and bracing system. 

The data for Cxll are given for the ground. system 
of axes (fig. 2) because these values have been used fn 
the analysis. In order to avoid confusron, the following 
discussion nil1 be confined to the data in tho body sys- 
tem of axes. 

Tho values of Gx, longitudinal-force coefficient 
(fig. 3) 9 are small and usually negative. 
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The values of CY,.'. lateral=-force coefficient (fig. 4), 
are small and g-enerxlly pdsftivo,'-with hegativa (outmard) 
sideslip and negativo with positive sideslip. The values 
of cy incroaso with c&/2V and with a?gle of attack. 

The values of CZ, normal-force coefficient (fig. 5), 
are large and'ncgativo and they increase in the negative 
sonso with 
5o". 

S2b/2V and with angle of attack up to about 
Tho angloof attack of maximum negative values of 

CZ docrcasos with increasing values of kOb/2V. Th-o 
changes in .CZ with sideslip are somewhat irregular and 
depend upon the value of 61b/2V. .._ 

The rolling-moment coefficient Cl (fig. 6) increases 
with angle of attack from a negateve value at small angles 
of attack to a positive value at large angles except for 
small values of RbJ!2V, where the rate of change is small. 
At low values of sdb/2V, Cl has a larger positive value 
with neg&itive (outward) .sideslip than it does tiith posi- 
tive sideslip; whereas, at the ,largar vglu~s of nb/ZV, 
tho change in Cl with sideslip becomes smaller and ir- 
regular. 

The pitching-moment coefficient Cm (fig. 7) gcner- 
ally increases in l;ho negative senso with angle of attack 
and with Sdb/2V. The changes in -Cm with sidoslip are 
Irragular. 

The yarning-moment coefficient C, (fig. 8) 4s small 
and, fn goneral, decreases with the angle of attack. The 
changes with hZb/2V and sideslip are small and frregular. 

ANALYSIS 

An analysis of the data was made to show the effects 
of certain parameters on the steady spinning charactoris- 
tics of an airplane using this type of biPlano cellule. 
The method of analysis mith the assumptions and errors in- 
volved is given in reference 1. 

Parane ters - - ---.- ----* Because the ming loading, aspect ratio, 
radii of gyration, pitching moments, and lift coefficients 
are mostly dependent.upon the characteristics of the par- ,. 

.- 
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titular airplane, values of these variables covering the 
range fo.r normal airplanes have been used in the anal.ysis. 
A zean of theso values was chosen which gave the follow- 
ing parameters. 

Relative density of airplane to air, p = 5 

I? Pitching-moment inertia parameter, -a--- = 80 
k3 -kx" 

Rolling-moment and yawing-moment inertia parameter, 

Slope of pitching-moment curve, Cm = -0.0020 (a-20') 

Lift coefficient, CL = Cxli (C,it from test data) 

Each of the parameters vas varied, one at a time, 
from the mean value while keeping all of the others at the 
mean value. The values of the parameters used are: 

P =-.2.5, 5.0, 7.5, and 10.0 

b2 
92" - kX2 

= 60, 80, 100, and 120 

, 1.0, 1.5, and 2.0 

Cm = -0.0010 (cd - 200), -0.0015 (a -. 200), -0.0020 

(a - 20°) 9 -0.0025 (a - 200), and -0.0030 

(a - 200) 

G3; = 0.8 CXII, Cx", and 1.2' CX~ ' 

The variations in p include the range of wfng load- 
fngs of conventional airplanes. The value of p = 2.5 
corresponds to an airplane having a wing loading of 6 
pounds per square foot and a span of 31.2 f&et, and ~1 = i0 
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corrcspoii~ds to a ming loading of'20 with a span of 26.1 
feet;. both values are for standard atm0syheri.c conditions 
^ + , ,A n ̂  7 *..n, 

The variations in b2 kZ2 - ky2 -----.---- and -------- 
2 7.2 cover 

I- 2-x - L=;< kz2 - kX2 

I the ranEe eivon in reference 4 for 11 airulanes. These 

parameters may be written as Wb" C-B -----. -e-o 
'G (C - A) 

and ---- 
c - A' 

respectively, ??;ihore 

A = rnkX2, the moment of i,nertia about the X axis. 

B = mkp2, the moment of inertia about the Y axis. 

c = mkz~, the moment of inertia about the Z axis. 

Discussion of results of analysis - .-------------z- ._-. -.._c.. ----- -..- ..- --x. Figures 32 and 
13 are sample plots used for obtaining the balance of 
aerodynamic and gyroscopdc rolling moments for various an- 
gles of sidcslip and yawing moment with an.glc of attack. 

Because of the large values of outward sidoslip rc- 
quired for balance at 60' and 70' angles of attack, CX- 
trapolation of data beyond the range of 8 = 10' was nec- 
essary for most cases. These extrapolated values for a 
balance of rolling moments, except for a few cases, proI+ 
ably give a reasonable indication of the sidoslip neces- 
sary to justify their use. Xuch extrapolation for the 
values of C, does not appear to be reasonable so the 
values are not :s;iven for 'sow3 conditions. 

The angles of sideslip required for a balance of 
pitching moments and rolling.mo~cnts are plotted against 
the variations in the rJaraneters in figures 14 to 18. 
The yawing moments required by the parts of the airplane 
other than the vings and inertia are plotted against vari- 
atdons in the parameters in figures 19 to 23. 

The sideslip required for balance in a stpady spin is 
always positive 
than 5'. 

(inward) and in only tno cases is it less 
The chmges in sfdoslip nith nnglc of attack are 

large. 
low 500' 

Usually these changesare comparatively small be- 
angle of attack but above this point tga sidaslip 

increases rapidly, reaching a maximum above GO 
attack and usually belon 70'. 

angle of 
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The required amount of sideslip generally decreases 
with increasing slope of the pitching-moment curvs (fig. 
14). The variation of sidesiip mith changes in the density 
of the airplane (fig.' i5j are large, for most angles of at- 
tack and the variations with angle of attack are large for 
lightly loaded airplanes. The c'hanges in sideslip pro- 
duced'by variations in the lift coefficient are small for 
a given angle of attack (fig. 16). In general, the side- 
slip increases with the inertia _ Ditching-moment parameter 

b2 --- (fig. 1'7) -but th 
kz" - kx2 

e rate of change is small and 

irregular. The sideslip decreases mith an increase in the 
roiling-moment and yawing-moment inertia parameter 
kz2 - k:r" 

kz2 - Lx2 
(fig. 18) and the change's are large for the 

higher angles of attack. 

An analysis was made rrith the data converted to the 
quarter-chord point midnay Setneen the rings of the bi- 
plane. 'The analysis shamed that the sideslip required vas 
generally about 2' less than it was for the original data. 
In other details the variations mere quite similar. The 

.rcsults ar.e not given,. because of the extrapolation re- 
quired to obtain the data. 

The yawing-moment coefficient Cn required by the 
parts of the airplane other than the wings is negative 
and, for a steady spin, requires a yaning moment opposing 
the spin except for a single case There it is positive, 
but small. The c‘ranges in Cn required nith the various 
parameters are too small to be of much im>ortanco except 

for the inertia parameter 
kn2 - kv" -.K2>----L2v and 
'k2 - 'kx 

the density 

parameter p. 

The yawing-moment coefficient required is about 
-0-005 for the lowest relative density used (fig. 20) and 
it increases somewhat for the higher densities. The value 
of c, decreases from about zero for the lowest value of 

!TZL.l-kL to a3ou.t 
kZ2 - kx2 

-0,02 for the highest value (fig. 23). 
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The analysis mith t'ne d.ats converted to the quartor- 
chord point midway bntrreen the ml;~gs of the biplano showed 
the same goneral characteristics and usually slightly 
larger values of -Cn than were obtained for the original 
data. 

r 

The prediction of the possibility of an airplane's 
spinning or the probability of its attaining a dangerous 
spin is dependent, using the foregoing analysis, upon the 
aerodynam2.c yaming-moment characteristics of the parts of 
the eirplane other than the wings and of the interference 
effect s. 

The aerodynamic yawing moments eroduced by the fuse- 
lage and landing gear depend upon their shape and distri- 
bution of area, Some results obtained by the Srit-ish for 
fuselages are reported in references 5 and 6. The 1I.A.C.P,. 
is conducting an investigation with pressure distribution 
on the fuselage and tail surface of an XLZ'i-1 airplane in 
flight and the results are to be published later. The 
yawing moments produced by the enpennago d.CpCiId upon its 
distance from the ccxtcr of gravity; upon the areas, the 
shap 0 ) and the locat,lon of the vertical nnd the horizon- 
tal surfaces with respect to each other as well as to the. 
fuselage; 2nd u_non tha limits of the control movements and 
their attitude XftTl respect to the relative wind. The ef- 
fects of some of these variables have been investigated 
and are reported in references 5 to 10. 

l 

The geometry of the spin indic,ates that thC groator 
the sidcsli,p in the outward sense and/or tho highor the 
rat0 of rotation, the more effective the vurtioal tail 
surfaces vi.11 be for producing yarning moments opposing 
the spin. Another i actor that gust be considered is the 
static stability of the airplane in yaw (oodg axes) in 
the narticalar attitude in questton. 
statically stable, 

if the airplant) is 
outward sideslip will give an incre- 

ment of yawing momcrt opposing the sp2n and if it is stat- 
ically unstable, inward-gideslip nili give an Increment 
of yawing moment opposing the spin. in other'nords, an 
airplane that has fin area ahead of the center of gravity 
is less lfk:'ely to attain a dangerous spin if the sidoslip 
is inward than if the sideslip is outward. 

Since the analysils shorrs that an airplane with this 
wing'arrangement mill probably alvrays spin with inward 
sideslip, the vertical tail surfaces ;Ti.ll be at a disad- 
vantage for producing yawing moments opposing the spin 

, 
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li!zelr to spin flat. In order 

ments op-otising the spin from the 
from stability, if the airplane 

'am-, any change in the parameters 
be beneficial. The analysis 

duced especially at the higher 

angles of attack by increasing -Cm-, p, and 
kz2 - ky2 
k3 
--2-~-g--~ '? 

II” 
and by reducing ------ . 

kF2 
The yarning-moment coeffi- 

.A - lxx2 

cients produced. by the wings, however, sbom increasing 
values aiding the spin, with increasing values of -Cm 

(fig, 19), and ~f~-~--~;~ (fig. 23). The resulting ef- 

fects, on the spin, of c3anging either or both of these 
tmo parameters ~il.1 depend. upon.th‘eir‘ relatrve importance 
for the particular airplane. 

It is apparent that to predict the spinning charac- 
teristics of a particular airplane, the aerodynamic char- 
acteristics must 3.e better lknown t>an they are at present. 
These result S', homever, indicate' some interesting facts 
about the spinning characterist-its of normal aiyplanes 
using this wing arrangement. These facts may be stated 
as folloris: (1) The airplane nil1 normally spin with in- 
ward sideslip. (2) Pan li:g-?i?OCleIlt coefficients, about -0.02 
or less, opposing the spin rpill be required to make the 
airplane balance in 
attack 

a steady snin from 30' to '70' angle of 

slightly LEiaTer 
awing-moment coefficients opposing the spin 

L tLan the maximum required for a balance, 
in any Tarticular case, will prevent the steady spin. A 
maximum value of -0.025 should be sufficient to prevent 
the steady _ s-oin for all normal conditions. (4) Some param- 
eters give op73osing results and the prediction mill depend 
upon the relai;ive importance of the variables. 

Provided that the added arbitrary constants to the 
rolling-moment and yanizg-moment coefficients are of the 
right order of magnitude, the following conclusions are 
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indicated by the analysis presented for a conventional bi- 
plane rith rectangular Clark Y nings hstving 2.5 2ercont 
stagger, gap equal to the chord, and zero decala:-;@. 

1. The value of the yawing-moment cocfficicnt re- 
quired from the fuselage, tail, and interfo:ence effects 
for steady spinning equilibrium is small and neasly always 
negative (opposing the spin) throughout the angle-of-at tack 
range investigated. It appears that the SplilECr:~ attitUd0 

of the airplane will depend rnostlj Lyon details of arrangc- 
ment of the fuselage and tail. 

3 The maximum yawing-moment coefficient that must 
be suiilied by all parts of the airplane other than the 
wings to insure recovery from steady spinning equilibrium 
is C, = -0.025. 

3. Decreasing the stat~ic stability in yaw when feasi- 
ble (making more positive the slope of curve of yawing mo- 
ment against sideslip, e.g., adding fin area ahead of the 
c.g.) about body axes at spinning angles of attack de- 
creases the possibility of attaining equilibrium of yawing 
moments and hence tends to prevent the spin. 

Langley Memorial Aeronautical Laboratory, ' 
Xational Advisory Committee for Aeronautics, 

Langley I'iold, Vae, March 16, 1935. 
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